INTRODUCTION
Glaucoma is one of three major causes of vision loss, together with age-related macular degeneration and cataract, estimated to affect 66 million people worldwide. 1 2 The prevalence of primary open-angle glaucoma (POAG) increases with age but also appears to vary by ethnicity. Among European Caucasians, its prevalence has been estimated to be between 1.0 and 1.5% in persons aged 40e65, rising exponentially with age to between 2.0 and 7.0% among persons older than 65 years. 3 4 A higher prevalence has been documented in black Americans and confirmed in a number of metaanalyses, with the prevalence estimated to be between 1.5 and 3.6% and 4.6 and 9.8% for similar age groups. 3 5 The prevalence of POAG in Asians is generally considered to be similar to that of European Caucasians at 40e69 years, but appears to be considerably lower after the age of 70 (1.6e3.8%). 3 6 7 The reasons behind these variations in prevalence are poorly understood.
Glaucoma is characterised by progressive loss of retinal ganglion cells with degeneration of the retinal nerve fibre layer (RNFL) and thinning of the neuroretinal rim, resulting in an enlargement of the cup/disc ratio. Given the differences in POAG prevalence between Caucasians and Asians with increasing age, we wondered whether there existed anatomical differences in optic nerve head and RNFL parameters that could help explain this variation. Identifying such differences could provide clues in understanding the variation in racial susceptibility to glaucomatous optic neuropathy, while potentially providing insight into the mechanisms that underlie the increasing risk of glaucoma with age. We hypothesised that a childhood population would be ideal in which to conduct such an evaluation, as children have a stable refraction and are relatively free of ocular diseases (eg, cataract) and many glaucomatous risk factors. This childhood sample also addresses gaps in knowledge about ocular structure in children, particularly for those of East Asian background.
METHODS

Study population
The Sydney Childhood Eye Study (incorporating the Sydney Myopia Study) was a population-based survey that examined childhood eye conditions in Year 1 (median age 6 years) and Year 7 (median age 12 years) students during 2003e2005. It was approved by the Human Research Ethics Committee, University of Sydney, the Department of Education and Training, and the Catholic Education Office, New South Wales, Australia. The study adhered to the tenets of the Declaration of Helsinki.
Detailed study methods have been described previously. 8 9 Briefly, samples comprising 34 primary and 21 secondary schools in the metropolitan area of Sydney were randomly selected, after a stratification based on socio-economic status data from the Australian Bureau of Statistics to ensure balance. All Year 1 and Year 7 students in the selected schools were invited to participate. Informed written consent was obtained from at least one parent of each child, with verbal assent from all children. Examinations were performed on 1765 of 2238 eligible Year 1 students (78.9%) during 2003e2004, and on 2353 of 3144 eligible Year 7 students (75.3%) during 2004e2005.
Questionnaire data
Parents completed a comprehensive 193-item questionnaire from which were drawn the child's ethnicity, birth weight, demographic data and ocular history. Each child's ethnicity was defined only when both parents had the same ethnic background. Other children whose parents had different ethnicities were considered to have mixed ethnicity.
Examinations
A detailed, comprehensive ocular examination was undertaken, including monocular distance visual acuity, prior to cycloplegia. Cycloplegia was induced with cyclopentolate 1% and tropicamide 1% (one drop each, then repeated), after instillation of amethocaine 1% (one drop). Autorefraction was performed using an RK-F1 autorefractor (Canon, Tokyo, Japan) approximately 25 min after the last drop.
Optical coherence tomography (StratusOCT v.4.0.4, Carl Zeiss Meditec, Jena, Germany) was performed through dilated pupils to obtain cross-sectional measurements of the retina. This instrument used partial coherence interferometry technology to obtain optical A-scans of the retina. Retinal boundaries used to make these measurements were identified by changes in reflectivity associated with these interfaces. This instrument has an axial resolution of approximately 10 mm, 10 as well as good intraobserver and interobserver reproducibility.
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Optic nerve head parameters were measured using the 'fast optic disc' scan, which consisted of six radial line scans. Three scans were performed and the average used in analysis. Parameters measured included vertical optic disc diameter, vertical optic cup diameter, and from these the vertical cup/disc ratio was calculated. Peripapillary RNFL thickness was measured using the 'fast RNFL thickness (3.4)' scan protocol. Three scans were performed, each comprising 256 sampling points along a circular scan path, and the average of these was used in analyses.
A single experienced operator performed over 90% of scans. An internal fixation target was used in all scans, and the location of each scan on the retina was monitored using an infrared-sensitive video camera. Scans were performed assuming standard axial length (24.46 mm) and refraction (0 D), and were accepted only if they were free of artefacts, showed complete cross-sectional images and had signal strengths of at least five. Ocular magnification was corrected for this instrument using the formula:
where h 0 and h are uncorrected and corrected transverse lengths, respectively, D axial ¼(24.46Àaxial length)/0.42 and
. In a separate report from this population, 13 we showed that linear and area measures by Stratus-OCT, compared with digital planimetry measurements, were around 10% smaller. However, vertical, horizontal and area cup/ disc ratios were preserved, indicating that disc measurements by OCT correlate well with clinical assessment.
Other examinations performed included cover testing, optical biometry (IOLMaster, Carl Zeiss Meditec), slit-lamp biomicroscopy and mydriatic digital retinal photography.
STATISTICAL ANALYSIS
Analyses were performed using SAS software (v.9.1.3, SAS Institute, Cary, North Carolina). Amblyopic eyes and those with other significant pathology were excluded from the analyses, and only the results from right eyes were included. European Caucasian and East Asian ethnicities represented the two largest ethnic groups in our study sample. The Student t test was used to analyse the differences between children aged 6 and 12 years. We used a mixed models approach, with schools being the random effect, to compare differences in optic nerve head parameters and peripapillary RNFL thickness between European Caucasians and East Asians. We adjusted for all variables that significantly (p<0.05) influenced the results of at least one of the parameters being measured. The full model adjusted for age, gender, axial length, birth weight and optic-disc area.
RESULTS
Demographic and other characteristics of children in this sample are described in table 1. The average ages for both groups were 6.7 years and 12.7 years. Overall, children aged 6 years were similar to those aged 12 years in many characteristics. Characteristics of participants categorised by age and ethnicity are shown in (table 2) . Without adjustment, the mean vertical disc diameter was 1.79 mm, the mean vertical cup diameter was 0.68 mm, and the mean vertical cup/disc ratio was 0.38 in children aged 6 years, Within each ethnic category, there were no overall differences in optic nerve head or RNFL parameters between children aged 6 and 12 years (p>0.05). Table 3 describes the optic nerve head and RNFL differences between children of East Asian and European Caucasian ethnicity of both age groups, before adjusting for other co-variables. Table 4 presents the data after adjusting for the significant co-variables (age, gender, axial length, birth weight and optic-disc area). Looking at children aged 6 years figure 2 .
DISCUSSION
In this population-based sample of children predominantly aged 6 and 12 years, generally free of confounding ocular disease, we present new data showing that children of East Asian ethnicity, when compared with those of European Caucasian ethnicity, had a significantly thicker (3e12%) RNFL and a substantially larger (30e40%) cup/disc ratio that is present across both age groups. This relationship persisted after adjusting for age, gender, axial length, birth weight and optic-disc area.
It is essential to exclude the possibility that measurement error could have accounted for the differences observed between Asian and Caucasian eyes. A number of factors, including pupil Figure 2 Quadrants with mean retinal nerve fibre layer (RNFL) thickness measurements by ethnicity for (a) children aged 6 years and (b) children aged 12 years, after adjusting for age, gender, axial length, birth weight and optic-disc area. size, the presence of lens opacity, corneal drying and OCT signal strength, have been reported to influence the measurement of RNFL thickness.
14 However, this possibility seems unlikely given our healthy childhood sample with little burden of adult ocular disease and the use of standard protocols such as the conduct of OCT scans through dilated pupils, and the inclusion of OCT scans with signal strength greater than 5 in our analyses. No evidence has suggested that the level of retinal pigmentation influences RNFL or optic nerve measurement using OCT, indicating that this is not likely to be a confounder. Our findings are comparable with studies conducted in adults to investigate the influence of ethnicity on RNFL 15e18 and optic nerve head 18e22 parameters. Our RNFL results are similar to those described in the literature and are among the first to demonstrate ethnic differences in RNFL thickness, after accounting for differences in optic disc size. This could suggest that RNFL patterns are established in childhood and maintained throughout adult life. One interesting observation that should be addressed is the larger optic cup area found in children of East Asian background. In clinical practice, a larger optic cup may be associated with a propensity to glaucomatous change. However, in our sample of normal children, we found that East Asian children had 30e42% larger optic cups than age-matched Caucasian children, despite having an identical optic disc size. According to conventional knowledge of ophthalmology, a large optic cup is associated with a relatively thin neuroretinal rim, equating to a thinner RNFL. However, we found that East Asian children also had a thicker RNFL than Caucasian children. Taken together, East Asian children had both a slightly thicker RNFL and a significantly larger optic cup. These findings may have important implications for the interpretation of 'normal' optic disc cupping in this racial group, if our findings can be validated and confirmed using imaging modalities designed for accurate measurement of optic disc parameters (eg, HRT, spectral domain OCT). A recent study by El-Dairi et al 18 reported that larger optic cups and cup/disc ratios were found in normal black children than in normal white children despite having similar neuroretinal rim areas. This finding, coupled with our results, suggests that the interpretation of optic disc cupping may need to be ethnicity-specific to have true meaning.
It is now widely accepted that progressive RNFL loss occurs in POAG as the disease progresses from clinically undetectable disease, through early preperimetric glaucoma with ocular hypertension and/or RNFL defects through to manifest glaucomatous optic disc neuropathy. 23 24 RNFL loss has been shown to be associated with age, 25 and an initially thick RNFL could provide an anatomical reserve to the normal age-related nerve fibre loss. It is unclear whether this anatomical difference could contribute to the relatively lower prevalence of POAG in later life among older Asians compared with older Caucasians. Future studies are warranted to explore the implications of these ethnic differences, if confirmed in other study samples.
Strengths of our study include its large population-based, random cluster selection sample with high response (75.3%), the use of a validated, objective technique to repeatedly measure optic nerve head and RNFL parameters, and the detailed standardised examination method. The measurement of optic nerve head and RNFL parameters is influenced by ocular and camera factors such as magnification, but these were corrected using axial length and refraction in formulae provided by Zeiss for the StratusOCT.
In summary, this study explored objectively measured optic nerve head and RNFL thickness, using OCT, between two separate cohorts of 6-and 12-year-old European Caucasian and East Asian children. We found that East Asian children generally had thicker (3e12%) RNFL and larger (30e40%) cup/disc ratios than in similarly aged European Caucasian children. These observations were consistent in the two broad childhood age groups studied. Further longitudinal studies and experimental work are needed to confirm these ethnic differences in ocular structure.
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